selectivity, which may produce racemic mixtures with undesired side products that reduce synthesis efficiency and increase downstream costs 5, 6 .
Recently, Candida antarctica lipase B CALB has been used for the synthesis of fatty acid ethyl esters 7 . Lipase has been found to be efficient for the esterification of β-sitostanol 8 . Ethyl oleate has been synthesized by using a lipase from Rhizopus microspores 9 . Lipase from Bacillus has been employed for the synthesis of methyl oleate and methyl butyrate 10 . Methyl butyrate MB is the methyl ester of butyric acid having a characteristic sweet and fruity odor like that of apples and pineapples. It occurs in many plant products in minute quantities and in pineapple oil 11, 12 . Methyl butyrate is of immense importance which is widely used in manufacturing of flavors, pesticides, adhesives, pharmaceuticals, plasticizers, solvents of paints, polymerization monomers. It can also be used as emulsifier in the food and cosmetic industries. Methyl butyrate has numerous food applications such as in the synthesis of modified triacylglycerols, emulsifiers, peptides and oligosaccharides. Methyl butyrate is produced by the distillation of essential oils extracted from various plants, but is also manufactured on an industrial scale for use in perfumes and flavoring industries. The synthesis of methyl butyrate through Rhizopus oryzae NRRL 3562 lipase has been Abstract: Lipase is a potential biocatalyst and can be exploited for various applications such as food, pharmaceutical, oleochemistry, organic chemistry, biofuels and in detergent industries. In the present study, lipase from Aspergillus fumigatus was purified to homogeneity by SDS and Native PAGE and evaluated as biocatalyst for the synthesis of methyl butyrate which is a flavor ester. A purification fold of 6.96 was achieved by using Octyl Sepharose column chromatography. Methyl butyrate was synthesized by transesterification of vinyl butyrate with methanol, in a medium containing n-hexane as a solvent. The molar ratio of 2:2 (vinyl butyrate:methanol) was found to be optimum for the synthesis of methyl butyrate. The yield of methyl butyrate was maximum when reactants were incubated for 16 h at an incubation temperature of 40℃. The maximum yield (86%) of ester was obtained with 30 µg/ml of purified lipase.
Key words: Aspergillus fumigatus, lipase, flavor, ester, methyl butyrate NOTE studied 11 . Lipase from Aspergillus fumigatus has not been reported till date to catalyze the synthesis of methyl butyrate. Keeping in view the potential of lipase as biocatalyst and application in the synthesis of flavor esters, the current work was focused on the synthesis of methyl butyrate by using purified lipase from Aspergillus fumigatus.
Experimental 2.1 Materials
The materials used were potato dextrose agar PDA , pnitrophenyl benzoate p-NPB , p-nitrophenol p-NP , isopropanol, Tris-HCl buffer, vinyl butyrate, methanol, n-hexane, etc. All the chemicals used in present investigation were of analytical grade and of high purity either procured from Sigma-Aldrich USA or HIMEDIA Mumbai, India .
Fungal isolate
Lipase producing Aspergillus fumigatus was procured from the Department of Biotechnology, Himachal Pradesh University, Shimla. It was isolated from oil-contaminated soil samples from HRTC workshop, Taradevi, Shimla, H.P. The fungal strain was maintained on potato dextrose agar and incubated at 37 for 3 days and stored at 4 in refrigerator.
Methods

Production of lipase
The lipase producing fungal strain was grown in the medium containing peptone 18.0 g , galactose 15.0 g , sodium chloride 5.0 g , calcium chloride 1.0 g , tween 80 10 ml/l pH 10.0, in 1 L distilled water. The inoculum was added to 50 ml sterile production medium and incubated for 3 days under shaking condition at 150 rpm at 45 .
Enzyme assay
Lipase activity was assayed by the method of Winkler and Stuckmann 1979 13 .
Unit of lipase
One unit of lipase activity was defined as amount of enzyme required to release one micromole of p-nitrophenol from the substrate per minute under standard assay conditions.
Purification of enzyme
The enzyme was purified by using hydrophobic interaction chromatography by following the methodology of Mehta et al., 2018 1 .
Protein estimation
The concentration of protein was estimated by dye binding method Bradford, 1976 14 yl butyrate The effect of methanol molarity on methyl butyrate synthesis was studied by maintaining the concentration of vinyl butyrate constant i.e. 2 M and varying the concentration of methanol 1-5 M in n-hexane to complete the reaction volume 3 mL. The reaction was initiated by adding 20 μg/mL of protein and incubating the reaction mixture at 40 for 12 h. The esterification was carried out using purified lipase under standard conditions. 2.2.5.2 Effect of reaction time on synthesis of methyl butyrate The reaction mixture comprised purified lipase, vinyl butyrate and methanol in optimized molar ratio in solvent n-hexane to complete the reaction mixture volume 3 mL. The glass vials were incubated in a shaker for 4, 8, 12, 16, 20 on the synthesis of methyl butyrate was studied using optimized molar concentration of reactants and incubation time. The amount of ester synthesized was determined from the standard profile of methyl butyrate. 2.2.5.4 Effect of amount of biocatalyst on synthesis of methyl butyrate The synthesis of methyl butyrate was studied by taking different amounts of purified lipase 10-60 μg/mL in reaction mixture 3 mL using optimized molar concentration of reactants, time and temperature.
Results and discussion
Lipase from A. fumigatus was purified by ammonium sulphate precipitation and Octyl Sepharose column chromatography and resulted in 6.96-fold purification with specific activity of 14.34 Umg 1 .
Optimization of reaction conditions for synthesis of
methyl butyrate 3.1.1 Effect of methanol molarity on the synthesis of methyl butyrate In present study, maximum conversion of 81.4 was obtained with 2M methanol in 2M vinyl butyrate Fig. 1 . However, an increase in methanol concentration had an inhibiting effect on the synthesis of methyl butyrate, only 65.7 conversion was achieved by using 5M methanol. The difference in methanol molarity towards the yield of methyl butyrate may be attributed to either steric hindrance or electronic effect of substrate on the purified lipase or specificity of purified lipase toward the substrate. In a previous study, the greatest efficiency 93.4 was achieved at 1:1 molar ratio of vinyl butyrate:methanol for esterification of methyl butyrate by using lipase B from Candida antarctica immobilized on magnetic nanoparticles 12 . The optimum molar ratio of 2:4 salicylic acid:methanol for the synthesis of methyl salicylate 70.25 in DMSO by using silica bound lipase from Geobacillus sp. has been reported 15 . 90 conversion of ethyl oleate with 1:2 molar ratio oleic acid:ethanol of substrates by using lipase from Rhizopus microsporus has been reported recently 9 .
Effect of incubation time on synthesis of methyl bu-
tyrate In present study, maximum yield of methyl butyrate i.e. 84.2 was recorded at incubation time of 16 h Table 1 . With further increase in incubation time, no increase in conversion was observed. Reaction time gives an insight into the performance of an enzyme as the reaction progresses, which will be helpful to determine the shortest time necessary for obtaining good yield and so enhancing cost-effectiveness of the process and will vary with the reaction conditions. Synthesis of methyl butyrate using immobilized lipase from Rhizopus oryzae NRRL 3562 showed maximum molar conversion with reaction time of 14 h 11 . However, another study showed maximum conversion for methyl butyrate 93. 9 catalyzed by lipase B immobilized on magnetic nanoparticles from Candida antarctica under an incubation time of 8 h 12 . In another study, chloramphenicol was converted to chloramphenicol propionate 98 by using lipase from Bacillus amyloliquefaciens at incubation time of 8 h 16 . A recent study on esterification of potato starch with oleic acid showed the maximum synthesis of starch oleate at 24 h of incubation 17 . 3.1.3 Effect of incubation temperature on synthesis of methyl butyrate In present study, maximum molar conversion i.e. 84.5 was observed at 40 , after which there was a decline in the conversion rate with only 51.1 conversion at 55 Table 2 . This suggested that at higher temperature, the conversion rate is controlled by reaction temperature. In lipase catalyzed reactions, temperature significantly influences both the initial rate of the reaction and stability of the enzyme. Enzyme stability decreases with the increase in temperature above a certain range. In contrast, at lower temperature the reaction rate is limited by mass transport phenomenon. In a previous study, the maximum yield of methyl salicylate i.e. 73.64 by using silica immobilized lipase from Geobacillus sp. was recorded at 55 , after which there was a decline in conversion rate with only 51.98 at 60 15 . While another study done on production of flavor esters by lipase B from Candida antarctica im- mobilized on magnetic nanoparticles showed that for methyl butyrate, the conversion remained constant from 15-40 and decreased at 45 12 . A recent study showed that the synthesis of red pitaya seed oil esters catalyzed by lipozyme was achieved at an optimum temperature of 50.5 18 .
3.1.4 Effect of amount of protein on synthesis of methyl butyrate In present study, maximum synthesis of methyl butyrate i.e. 86 was obtained with 30 μg/mL of purified lipase Fig.  2 . Upon increasing the enzyme amount further, the molar conversion was decreased which might be due to difficulty in maintaining uniform suspension of the biocatalyst at higher enzyme concentration. The excess enzyme did not contribute to the increase in the percentage conversion. Among all variables, effect of amount of enzyme contributes to attain higher molar conversions. In a previous study, a molar conversion of 70.42 was reported by using 80 U of silica immobilized lipase from Rhizopus oryzae NRRL 3562 11 . Another study showed that methyl salicylate was synthesized by using 20 mg/mL silica bound lipase from Geobacillus sp. 15 .
Percent yield of methyl butyrate formed
The formation of ester methyl butyrate was analyzed through GLC by comparing the retention time Rt 2.50 min of the test sample Fig. 3 to the retention time of the standard run for methyl butyrate Rt 2.43 as shown in Fig.  4 . On optimizing different parameters such as molar ratio, incubation time, temperature and amount of lipase, the yield of methyl butyrate was found to be 86 which was calculated from the area covered under the peak. In a previous study, approximately 90 conversion of methyl butyrate and ethyl butyrate has been achieved by lipase B from Candida antarctica immobilized on magnetic nanoparticles 12 . In another study, 70.42 synthesis of methyl butyrate has been reported by immobilized Rhizopus oryzae NRRL 3562 lipase 11 .
Conclusion
In present study, a 6.68 fold purified lipase was used for the synthesis of methyl butyrate. The biocatalyst studied in this work, promoted efficient biosynthesis of methyl butyrate. The optimal conditions for synthesizing methyl butyrate by A. fumigatus lipase resulted in a substrate conversion of 86 . Further studies will be conducted for the synthesis of other flavor esters and their reaction conditions like optimal temperature, biocatalyst amount and others parameters that affect the esterification reactions as well as to evaluate the utilization of this biocatalyst in a solvent-free system.
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